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(57) Abstract: 

PURPOSE: An AIGalnN semiconductor LED is 
provided to improve external quantum efficiency by 
forming n-InGaN layer on p-GaN and etching a 24 
predetermined portion of n-InGaN to make 23 
prominence and depression so that the light limited 22 
by the critical angle can be extracted. 21 
CONSTITUTION: A buffer layer(21), an n-GaN layer 20 
(22), an InGaN/GaN active layer(23), a p-GaN layer 
(24) and an n-InGaN crystal layer(25) are formed 
on an upper surface of a substrate(20) in a 
consecutive order. An ohmic contact electrode(27) is 
formed on the depressed surface after a predetermined portion of the upper surface of the n-InGaN 
crystal layer is etched. A p-type electrode pad(28) and an n-type electrode(26) are deposited on the 
transparent electrode for electrical connection to the external. 
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%^ 5.1^ 51-2 

(72) -frEfl^ 

^7l£-g-°jA|^)^-f-c|^El7i3-S-ti.o).2|-e 101 . 1007 

il'-W ; 51 -8- 



(54) H £}-£-§- 31 #5^] t^N ±7} 



-S- ^-8: AlGalnN LED Sl^l ^* 2]^ i?<>lMH 2)^ 

-I: 2) cfl LED ^££<i 3 <>1 <}. 

AlGalnN ^1 LED°fl Sl^H P-GaN ^3*1 %-5L2] n - In x G ai - X N #-§- <WM -8-1* 

2)4 £-§•* ^cfl3- *U. n *3 S^* -9-1^* o]-g-*M LED -#^3. %S] <>J7)|4* Si 

*W jL-i-4 ^cflS^ 3* ^$°-3. n - p - n ^ LED ^£4. 

c|li£J£ 
£ 3 

AlGalnN, LED, &-§: 

£ 1-& *Hfl GaN31 % 51 a] el ^^51. 

£ 2^ GaN *<>)H ^2) t# °J3)z]"§- *t^*Hr =L%. 
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£ 3^r £ t^-Hl 4^ AlGalnN ££*H % ±*\*\ T^f- £ A 1$ 
£ 4£ «■ 2|# n #2) ?2:# -g^Mr 41* 

£ 5£ €■ t^l sit!- n #4 p #sl #4 €511- -a^tf SHS. cfo|<Ha^. 

< S.#*\ *£°fl cfl?V JjLJrSj > 

10. 20. 7l# 11. 21. »Hsl# 
12. 22. n - GaN # 13, 23. InGaN/GaN IM3# 
14. 24. 34. p - GaN# 15. 27. 37. -t-^^ 
25. 35. n InGaN# 16. 26. 
17. 28. p H ^ 3^39. % $3- 

£ t^-fr AlGalnN £.51*11 LED £4 ^ a 5) 0.3. a-], ^M|s>7tffe p-GaN A <M n In x G ai . x 

N #•§- n #2) <a^» -WM Al-I- tf£ -S-12) 4£'3<H) *d^"§- ^4JI, n # -S-l 

«§^5l S.#iL3. D Jt-ol <#4 £-§-§- ^7]^ 7)1 ^ ^S^^f-Til HJ-£S)1 ±421 ^£°11 ?H4. 



<y«V2) 0.5L GaN 7)1 LED (Light Emitting Diode) # 44 £°1, 4 #(10) 

^oH| buffer#(ll), n^ GaN #(12), InGaN/GaN tt^#(13). p*§ GaN#(14). 33 2) ^-"33^(15). n^ -^r3 
4(16) ^ p^ ^*14(17).2.3. 3 ^-7] A)-4o)o)7l^(10) ^M) buffer#(ll), n^ GaN #(12), 

InGaN/GaN «"^#(13) Si pH GaN#(14)* £43i>--5L 1^ $ n^ ^34(16)21 ^1 «fl <U^£ 

* $7] n *$ GaN#(12)4*l ^4 (etching) *}JL, p-^ GaN 3^1 ^ 44(15)-|: 4-8", n^ ^444(17) 

^ p^ ^434(18)-§- ^44^*1 ^£4. 



£ HI 4 ti.o)^-o| 7l#Sl LED°fl p - GaN 21 4*J"#°1 nfl* £J5.H.3. ^* -§-°l«V^l *M 2l*jH NiAu #4 
£•& 444 #^2| -f-tg £s} ^^-(15)^. *fl-§-5l-J2. 514. 0)1]$: ^^-fr <a«J-^ 0.3. ^ n m<Hl ^ ^ nm ^1» 
4*1^1 ^*)1# p-GaN #21 ^ U-*J= *!1*14 0 1 #o|efc ^471. oj^uv ^.^ 3=^ ^-f-4#°l 4434 

44°- 3. 4#3fe #^1-711 SM %7,}$_%o) €4. ^-^ ?1^2l f-4-§-£ T^l « ^^2) ^3^£. 

<H1 44 £# 60 - 80% 7>^14. °1 ^#^-3. ^i-SHo): 1- ^sl 20% - 40%fe chip 215. ^#^^1 * 
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£4 LED4 444* <I4 44 £44 si 4 <#4- ^ s 44444 v)14 £4* 44*4 444 H«| 44 
4 4444. 44 44 jl*4 34 44*44 4*34 «4 chips] 443 4£* 4^4 444 4444. °J44 * 
44* 7r4 GaN f^om sapphire^ 44 #444 14 *4f>°.3. «J4 4<2.4 4«H4* 344* 344 44. 
£ 2* #444 43. 4# GaN4 *4 £* **|4-ol44 4 ftgd) §444 4* #44* 344. S*D44 J£4 
*o| ig^z}- 92 = 90£4 344 qc = sin- 1 (n low /n high ) 3. £44s GaN44 chi P 4 44 *4^o.3 914 4 
394 4 °)7|)44 4 23.65L7} 44. a 4^-4 45.3. 4 A 24* S-ft chi P 4 ifl^S. 44 *47 r 4 4 S chip tfl 
44 7 r 44 44 4S epi * 4* £* 4444 wafer 444 447 r 44 44 444*4 # 44 ^444 44. 

434 44:.'. 4 444 44 

4 434 4^14 444* *H444 444 4*4 3 £S4. 4 434 44* p-GaN 44 n InxGa ( ,. x) N 4* 
344S n InGaN #4 U4* 4 444 -Mi* 3444 -8.44 4434 n3 4"? 44* 344s n # a3 
4 44 £44 4444 3444 444* 44 443 4444 44 44 £44 444 44 4*4 

4.E4 444 £44 42:0)1 3014.. 

444 44 44 

44 44 434 4444 444 4 434 4* 14 4*4 4£4 ±4* n- P -n 34 44 £H 42:* 4* Ga 
N4 4^4 ±44 5144. 4$ 4H4 LED ±44 D J! 44"?! P - GaN 4 444 ±44 411* 4* n 3 InGaN/G 
aN 44** 344s n 44 44* 4*44 n 4 44 £*3 444 344s £4* ****44 44 44 4 
444* 4P4i 7))44 42* 44 4* 44-2.3 44. 

4 434 44 LED ±4* 34 £44 44 444 4344 444 44. 

344 £4 £ 34 4 434 4€- 4£4 4 ±44 f2t £44 44£44. 

£ 3*H| £44 44 44, 4 434 4^4 P -n3 42:4* 44 n- P -n 44-2-2= 42:4 GaN 4 4£4 4±434, 

4 4 (20) 4 4 4 4 * (2 1 ) . n - GaN4 (22) , InGaN/GaN 44 4 (23) , p - GaN 4 (24) , n In x Ga a . x) N 4 3 4 (25) 

* 444-2-3 344 4 44 nIn x Ga 0 _ x) N4(25) 44S44 n44 444 444s, ±44 44 A 4^4 
n44 <a4» 44^c)|, i^4 4*3.441 4 fe n 44 n 44«H1 ^44fe n-£4 34^ ^44 n 4 4^4 4 7)1 
444 n4°fl 5.4 34^ 43 3^(27)4 ^44^ 43 444°l 4434 444 4^4 44 P - 3 4^ 
28)* 344s n 44 °J44 P 44 °J4, 4444 ^4* 444s n -GaN 4 4°fl n - 3 3^(26)4 3 
444. 

44 n In x Ca,. x N(0<x^ 1) 144(25)4 1.0 nm^t^ 10,000 nm 4^4 4*3 4444, n £^ 4£fe 10 
17 /cm 3 < n < 10 23 /cm 3 "5-3. 4444. 

£ 4fe 4t)I 444 n 4<H1 £4 343 43 4^(27)4 344 44 44 ^4£# £L4s 44. n 44 °J4» 44 
44 ^-4 34-2.3 444 44444 444 ^4 4 44 4£4£.» 44^-34 44 44444 71)44 4 
$J44 i°U 44. 

E5r£32]B-B' 44444 444 SSh 444s^4 i 0 U SUfe41 n In x Ga,. x N(0<x^l) 44-^4 4^- 
a4s p 44 444tt 44 344 44* 434s 44. 44 444 (+) 444 ^4 34 *(hoie)4 4^ 4 
44 4 «11 P GaN 4-2-3 4*844 4«H4 44nIn x Ga,. x N(0^x<i) 44 344 43L* iL4s 44. 

444 44 44 4 43£ 44 445.44 ^44 7H44 43* ^2:4 4£4 ±444. £ 244 M.444 
60 - 80% 4£* 7>4fe 43 444 44* 4±4 44 chip 444^.34 4 44 S4* 7)144^ 42* 7 r 4s 
S)4. SE4 3S.44 3444 chi P 4 a4* -S-4 34^-3 4*4 44444 4*4 44 4 4* 4sl4£* 44°. 
34 44 3=44** 444 4 4** 34s X14. 
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^71 44 &oj o)^o]z}^ £ y^ofl S )^ ) p .GaN# n In x Ga,. N(0^x^ l)*-& «^*U n In x Ga,. 

x N(0<ix^ 1) U^f. ±qsi\ n In x Ga,_ x N(0^x^ 1) tf£# ^144:2, §J=7fl tf£ n In x Ga,. x N(0^x^ 
1) # *M ^"S *<S*H ^ 3^2] 3±#*H ^21 s 1-t- 3 0)4 *U. 3^ t^H 21 

«B n - 3^o)H n ^4- f-*fH p-GaN^S hole°) ^S]5L4 *H p - 3 3 £-& 3 ^4fe ?H a l 
*ti *4 ^.2.3. ^51^] 4°1 ±£ <r 5tU. nIn x Ga,. x N(O^x^l) #2] 5.3* -2-1 ^°.3. 

^ 4-2.3- *1 ^2) t# °J3]4-§- 4^#°fl*l chip2l 4^3. 4#3£ ^2] tf-fr 4<fl4 *M 2|4 44:&-§: 

t 3713-2.3. 7)144^ 214. 

(57) $t*S| •Sf] 
3^4 1. 

n-p-n 34 cf^liLS. 4fe GaNTj] 4£*fl ±4°fl Si^^l. 

4£*fl ±42] -31 p-GaN# 4*f2] ^ofl n in x Ga,. x N(0^x^ 1) n U-^* 44 

*H ±^2) „M 47U, gj=7fl 4fr n In x Ga,. x N(0£ X £ 1) 4°fl f->?J n - .2.-S- ^ 34-fr ^^*H 443*) 

n In x Ga,. x N(0^x< 1) f-2] ^4-2.3. 4#°1 t^#<H|Al chip sl 4^3. «|2l 2)cfl 

4 4 4£*1] ±4. 

p * 44°fl 5Ufe In x Ga,. x N2] In 3^ xfe 4^3* In z Ga,. z N2} Z SL4 4t11 ^S)fe 4 4 x < z. 
3)^4 3. 

^ 1*<H Sl^H, "tM n In x Ga,. x N(0^x< 1) 44471 *H) Jf*|)(h2)# 1.0 ~ 10.000 nm^l ^13 ^ 

3)^4 4. 

4 l4<Hl &^4 443ll4-frnInGaN#(hl)-a-0.5 - lOOnm^l ^3. ^Slfe 3. 
^4 5. 

all llM 5U<>H, n InGaN2) 10 17 - 10 23 /cm 3 -2-3. 2^4£: 43^3. 4tt *14 £#7fl LED 

*fl ±4. 

6. 

l4°fl SU^H, -2-121 4(dl)£ lOOnm - lOO.OOOnmS- ^^S)^ ^3. 
^T 1 * 7. 

* 1**1 5U°H, -^4^ -f^-21 #(d2)^ lOOnm - lOO.OOnmS. ^£]fe ^. 
n-p-n 4o]5.c ^-2-^ GaN7j ] ^^ofl o^^Ai, 
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^S.^ "J W?! p-GaN# tfJfofl n %s] In z Ga,. z Nz(0^z^ 1) °J# 

?! n In y Ga,. y N(0^y^ l)#-§- ^IS. <S#SUl, ^#^1 nIn y Ga,. y N(0^y^ 1) <H^» <d^^-2-S. *\ 

zh*H nIn 2 Ga,. z N(0^z^l)lt ^U, tf£ n In 2 Ca, , z N(O^z^l) ^<H1 ^"8 n - 3 

^ "S^l* S>J1, n In y Ga,. y N(0^y^ 1) #^1 -8-1 ^^S. *M 

chip^l ^#51 *2] slcdsj. g ±7 ± 



H\ 8*M 91°]*\. n In y Gal- y N(0^y£ 1) 1.0 - 10.000 nm^l Jf-aflS. ^^£)JL. t\%S\ n In z Ga, 

. z Nz(0^z^l) 1.0 - lOOnm^l ^Sj jl, ^ 7^3) n %2\ 10 17 ~ 10 23 /cm 3 3. 2:^ *} 

5!ir f^l 2$ LED i^V. 
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